Kinki University (3327-204, Nakamachi, Nara 631-8505, Japan)
Characteristics of dough and bread containing quinoa flour as a new foodstuff were studied us ing a rheometer, a farinograph, differential scanning calorimeter (DSC) and so on. Substitution of 7.5 to 10% of quinoa flour for hard-type wheat flour significantly increased the loaf volume of bread over that of the control, but more than 15% substitution distinctly decreased the volume. However, a combination of microbial lipase (75 ppm) and 15% substitution of quinoa flour resulted in a loaf volume that was distinctly more than that of the control. The hardness of bread crumbs increased in proportion to the amount of quinoa flour substitution. Combining the quinoa flour with lipase suppressed the staling of bread during storage and maintained softness by the liberation of monoglyceride from lipids. DSC data showed that substitution of quinoa flour resulted in a dis tinctly higher gelatinization temperature and gelatinization enthalpy compared with that of the con trol. As for the viscoelastic properties of the dough, combining quinoa flour (5 to 10% substitution) and lipase (75 ppm) resulted in reduction of compression stress and the modulus of elasticity, a slight softening of the dough, and slight decreases in the water absorption and the stability of the dough. From these results, a combination of quinoa flour substitution and lipase addition was found to improve bread qualities.
About three thousand species of edible plants in total have been cultivated in the past history of mankind. However, most of them have gradually disappeared, and only a total of 30 species remain in the world.1) The criteria of the continuation of species might not be due to the quality of crops, but to the yield of production, to the special cli mate requirement for the production, to the crops cultivated by small communities or tribes, and so on. As the result, plants yielding quite high amounts of crops, such as rice, wheat, corn, etc. are selected in the area of sub-tropical or tropical countries.
Quinoa, one of the pseudocereals, belongs to an annual plant of Chenopodium, which is mainly produced in the highland of Peru and Bolivia, and the grain contains large amounts of minerals, lip ids, and high quality protein, which contain abun dant essential amino acids, such as lysine or his tidine.2,3) Therefore, the amino acid score of the flour is higher than the scores of rice, wheat and corn. Quinoa flour is rarely allergenic and also the outer layer of the grain lowers the cholesterol level of blood.4) Furthermore, NASA has recommended quinoa as one of the plants that are suitable for CELSS (controlled ecological life support system), which can reduce CO2 concentration in a manned spacecraft atmosphere, and produce foodstuffs, oxygen and water. From these points of view, we focused our attention on using quinoa flour as wheat flour substitute and microbial lipase for a bread improver. This study deals with the effect of quinoa flour substitution on some rheological properties of wheat flour dough and on the loaf volume of bread. tion. Furthermore, addition of lipase might in crease the amounts of monoglyceride and/or free fatty acids, and the monoglycerides produced could act as an emulsifier. This would then result in clear decreases in the elasticity and viscosity co efficient. Figure 3 shows the farinograph data of quinoa flour-substituted wheat dough, including the arrival time, development time of dough, stability of dough, and water absorption. The values of the farinograph parameters, except for the arrival time , decreased distinctly in proportion to the amount of quinoa flour substitution, suggesting that quinoa flour substitution changes the consistency of the dough. In case of 75 ppm lipase addition, all pa- Effects of quinoa flour substitution and lipase addition on the quantity of lipids in the dough. The amount of free fatty acid in the dough after mixing for 20 min and 195 min in the home baker was determined (Table 4 ). In the control dough without quinoa flour substitution, the total amount of free fatty acid slightly increased when the mix ing was increased from 20 min (1.48 mg/g dry flour) to 195 min (2.86 mg/g dry flour). On the other hand, in the 7.5% quinoa flour substitution, the total amount of free fatty acid decreased sig nificantly when the mixing time was increased from 20 min (8.97 mg/g dry flour) to 195 min (4.60 mg/g dry flour). The decrease might be mainly due to the incorporation or inclusion of free fatty acids to the starch in dough during mixing and proofing. On the other hand, when 75 ppm lipase was added to the dough without quinoa flour substitution, the amount of free fatty acid in the dough did not change clearly when compared with the control. However, when 75 ppm lipase was added to the 7.5% quinoa flour substituted dough, the total amount of free fatty acid distinctly decreased compared with that without lipase, when the mixing time was 20 min. Therefore, in the case of dough containing 7.5% quinoa flour and 75 ppm lipase, the free fatty acids liberated from lipids by the lipase might be adsorbed or attached to the dough, or incorporated into the helical por tions of starch, which could not be easily extracted with n-hexane. In addition, lipoxygenase in the quinoa flour dough might be also involved in the degradation of lipids. However, further experi ments are needed to make clear the effect of lipase on the lipids in the dough during mixing and proofing.
SEM observation of bread dough. Wheat dough containing quinoa flour with or without lipase addition after mixing for 30 min in the home baker was observed by SEM (Fig. 4) . The dough (B) containing 7.5% quinoa flour showed an irregular gluten network structure and that (C) containing 20% quinoa flour showed a more irregular structure, that is, most gluten layers did not distribute continuously, and they surrounded the large starch granules as shown in (B) and (C). The lipase-enhanced dough (E) showed a well-developed gluten network structure and the gluten covered each starch granule entirely. Therefore, the combined addition of 7.5% quinoa flour with 75 ppm of lipase was tested as shown in F. The mixed dough showed that the well-developed gluten layers wrapped the starch granules more completely than in B, and also large starch gran ules are mostly covered with thick gluten layers. The quite small size of the starch granules (around 1 p m in diameter) of quinoa flour might be helpful as a filling material in the gluten matrix. When 20% quinoa flour was used instead of 7.5% quinoa flour, the dough (G) showed that the gluten ap peared to become somewhat thinner, and to be scattered continuously around the starch granules in the dough.
Substitution of quinoa flour alone for wheat flour up to 10% improved the baking property, though it was only a slight effect. However, com bining the quinoa flour with lipase distinctly im proved the dough and baking properties. In fact, a combination of 15% quinoa flour and 75 ppm li pase distinctly improved the baking property of the dough compared with that of the control. The amount of 10% or 20% substitution of quinoa flour may not be low enough to avoid an aller genic reaction and it may not be enough to im prove physiological activity significantly. Japanese consumers, unlike those in other advanced coun tries such as Europe and North America, do not like to eat whole-wheat bread.12) So, even though the amount of substitution of quinoa flour for wheat flour is low, it is necessary to acquire the daily habit of eating bread made from flour mixed with pseudocereals, such as amaranth, buckwheat, millet, and so on.
In the present study, addition of lipase to wheat flour partially replaced with quinoa flour was found to improve breadmaking properties. We ex pect the quinoa flour or pseudocereals to be recog nized as a functional foodstuff, and to be practi cally used for breadmaking as a partial substitution for wheat flour. Since quinoa flour contains high amounts of minerals, vitamins, dietary fibers, etc., these kinds of pseudocereals are needed to im prove our daily diet patterns.
